Chlamydia trachomatis infections are diagnosed by growth of the agent in specially prepared tissue culture cells for some three days. The culture is then examined for the characteristic, glycogen-containing inclusion bodies using iodine, fluorescent antibody, or Giemsa stain. Giemsa-stained inclusions are more readily visualised using dark-ground microscopy (Darougar et al., 1971) . This paper describes a novel method of staining chlamydial inclusions, which permits the unambiguous detection of developing chlamydial reticulate bodies in tissue culture for the common genital tract strains after only 18 hours'
SUMMARY HeLa 229 cells were infected with genital tract strains of Chlamydia trachomatis. After incubation for varying times the infected cells were fixed and stained with the fluorescent DNA binding dyes Hoechst 33258 or DAPI for comparison with conventional Giemsa stain. Fluorochrome-treated preparations were examined by incident ultraviolet fluorescence microscopy and the Giemsa-stained preparations by dark-ground light microscopy. Chlamydial inclusion bodies could be identified unambiguously as early as 18 hours after infection of HeLa 229 cells using either Hoechst 33258 or DAPI but not until some 48 hours in Giemsa-stained preparations. The DNA rich chlamydial elementary bodies in infected egg yolk suspension were readily detected using Hoechst 33258. The fluorescent dye technique was simpler and more rapid than Giemsa staining. Using Hoechst 33258 it is possible to speed up the identification of chlamydial isolates growing in tissue culture.
Chlamydiae are prokaryotic microorganisms structurally related to bacteria but lacking the energy systems necessary for independent existence. Unlike bacteria they undergo a complex growth cycle initiated by infection of the host cell with DNA rich, 03 ,um diameter, elementary bodies. The elementary bodies enlarge to form the metabolically active, 1 ,um diameter, RNA rich, reticulate bodies. These reticulate bodies divide and multiply within host cell vacuoles, giving rise to a characteristic inclusion body. Ultimately, elementary bodies differentiate from the reticulate bodies and are released from the cell some 48-72 hours after infection.
Chlamydia trachomatis infections are diagnosed by growth of the agent in specially prepared tissue culture cells for some three days. The culture is then examined for the characteristic, glycogen-containing inclusion bodies using iodine, fluorescent antibody, or Giemsa stain. Giemsa-stained inclusions are more readily visualised using dark-ground microscopy (Darougar et al., 1971 LGV to permit chlamydial adsorption. Before adsorption the infectivity of strains UW4 and IOL 238 was potentiated by washing the cells twice with 45 ,g/ml of DEAE-dextran in Hanks salts followed by centrifugation of the chlamydiae on to the cells at 900 g for 1 hour (Kuo et al., 1971; (Johnson, 1975) . As both Hoechst 33258 and DAPI bind to DNA they are possible carcinogens and should be handled accordingly.
MICROSCOPY
Hoechst 33258 or DAPI stained material was examined with an Ortholux II microscope (E. Leitz, Wetzlar, West Germany) fitted with an HBO 200 ultraviolet source and Ploem 1 incident light illumination. The filters used were: a 4 mm BG38 in the lamphouse, 2 x 2 mm UG 1 filters for narrow band excitation at 365 nm, a TK 400/K400 dichroic mirror and suppression filter, and a K460 (460 nm) barrier filter.
Giemsa-stained material was examined using an Ortholux II microscope equipped with an oil immersion NA 1-2 dark-ground condenser. 1, 12, 18, 24, 36, 42, 48, 60, and 72 hours' incubation and comparing in parallel Hoechst 33258 and Giemsa-stained material.
Results
In the Hoechst 33258 stained preparations, no significant differences could be seen between uninfected and chlamydial infected cells after 12 hours' incubation. However, after 18 hours' incubation definite chlamydial inclusions could be seen in the infected cells (Fig. 3) . These inclusions were characteristically granular, consisting of approximately 1 um reticulate bodies, and, being less rich in DNA, they were less fluorescent than the host cell nucleus. By 24 hours the inclusions were noticeably enlarged and at 36 hours were much more brightly fluorescent due to the development of DNA rich elementary bodies. The inclusions continued to enlarge up to 60 hours' incubation (Fig. 4) , and by 72 hours large numbers of chlamydiae had been released from the cells. After 72 hours' incubation brightly fluorescent (DNA rich) particles of a similar size to chlamydial elementary bodies could be seen attached to the surface of the tissue culture cells (Fig. 5) . Small, immature inclusions were also noted in 72-hour preparations as well as the large primary inclusions (Fig. 5) . In view of the experimental conditions used, in which the concentration and molecular weight of DEAE-dextran was optimally titrated for the chlamydial strain so as to achieve a high rate of infectivity, it is believed that these small inclusions represent a limited cycle of reinfection occurring in the absence of further centrifugation. Mature chlamydial inclusions of strains UW4 or IOL 238 developing after 60 or 72 hours' incubation were readily detected by dark-ground microscopy in Giemsa-stained preparations (Fig. 6) . However, in our culture system immature chlamydial inclusions in HeLa 229 cells infected for less than 48 hours could not be unambiguously detected by the dark-ground Giemsa stain technique. Chlamydial elementary bodies with their high ratio of DNA: RNA were readily identified as small, brightly fluorescent particles against an unstained background in Hoechst 33258 stained smears of chlamydial infected egg yolk sac (Fig. 7) .
Discussion
Non-gonococcal urethritis (NGU) is now more common than gonorrhoea and C. trachomatis can be isolated from approximately half these patients. Such infections cannot be regarded as trivial as C. trachomatis has been isolated direct from the Brightly stained, small, DNA rich particles (solid arrows) can be seen adherent to the surfaces of the tissue culture cells; these particles are comparable to those seen in chlamydial infected egg yolk sac (Fig. 7) and represent chlamydial elementary bodies. A mature primary inclusion (*) is present as well as two small inclusions (hollow arrows) comparable to those seen after 18 hours' infection (Fig. 3) . These may be late developing primary inclusions or, more likely, a new cycle of infection in the previously uninfected cells. x 550. diseased fallopian tubes in 30% of patients with acute salpingitis (MArdh et al., 1977) while maternal infections have been associated with prematurity, pneumonia, and eye infections in the newborn (Rees et al., 1977; Beem and Saxon, 1977) . Chlamydial infections are resistant to penicillins, cephalosporins, chloramphenicol, and aminoglycosides. Therefore, only rapid diagnosis would permit early treatment with erythromycin or tetracyclines.
Chlamydiae can be rapidly detected using fluorescent antibody techniques (Thomas et al., 1977 (Arndt-Jovin and Jovin, 1977) . DAPI has been used for the spectrofluorimetric assay of DNA and, in the presence of RNA, can detect as little as 5 x 10 10 g/ml of DNA (Kapusciniski and Skoczylas, 1977) . DAPI can be used for the detection of DNA viruses and mycoplasma in vitro (Russell et al., 1975) . Most of the experiments described here were performed using Hoechst 33258 because of its ready availability; however, comparable results were obtained using DAPI, and this is now commercially available.
The method described has significant advantages. The staining technique is rapid, taking some 15 minutes as opposed to the 1 hour plus of Giemsa or fluorescent antibody staining. Only chlamydiae and host cell nuclei are stained; there is thus no possibility of confusing chlamydiae with host cell cytoplasmic components. Moreover, with incident or transmitted dark-ground illumination the chlamydiae are viewed under ideal contrast conditions: bright light blue fluorescence against a black background. The technique is far more sensitive than Giemsa staining; with both DAPI and Hoechst 33258 chlamydial inclusions in HeLa 229 cells can readily be identified after 18 hours' growth. The presence ot 1 sg/ml of emetine hydrochloride in the tissue culture medium during incubation of the chlamydial infected cells markedly increases the size of early (18 and 24 hour) chlamydial inclusions and prevents overgrowth of the host cells, making identification even easier. Emetine selectively blocks protein synthesis in eukaryotic host cells but leaves chlamydial (prokaryotic) protein synthesis unimpaired, favouring chlamydiae in their competition with the host cell for intracellular amino acid pools (Becker and Asher, 1972) .
In our laboratory, clinical specimens for chlamydial culture are centrifuged on to monolayers of DEAE-dextran treated HeLa 229 cells followed by incubation of the infected cells in emetine-containing tissue culture medium before Hoechst staining. Isotope studies on chlamydial amino acid utilisation by strain UW4 growing in emetine-treated cells (data not shown) shows there is little point in incubating infected cells beyond some 40 hours. Beyond this point, loss of cells from the monolayer due to chllanivdial release and the effects of emetine 
